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ABSTRACT 

We present the results of multi-frequency radio observing campaigns designed 
to elucidate the nature of radio emission from very low mass stars. We detect 
radio emission in an additional two epochs of the ultracool dwarf binary LP 349- 
25, finding that the observed emission is broadband and steady on timescales 
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between 10s and 10.7 hours, as well as on timescales of 0.6 and 1.6 years. This 
system is unusual for ultracool dwarfs with detectable radio emission, in ex- 
hibiting a lack of any large scale variability, particularly the bursting (periodic 
or aperiodic) behavior exhibited by the other objects with detectable levels of 
radio emission. We explore the constraints that the lack of variability on long 
and short timescales, and flat spectral index, imply about the radio-emitting 
structures and mechanism. The temporal constraints argue for a high latitude 
emitting region with a large inclination so that it is always in view, and sur- 
vives for at least 0.6 year. Temporal constraints also limit the plasma conditions, 
implying that the electron density be <4xl0^ cm~^ and B <130 G in or- 
der not to see time variations due to coUisional or radiative losses from high 
energy particles. The observations and constraints provided by them are most 
compatible with a nonthermal radio emission mechanism, likely gyrosynchrotron 
emission from a spatially homogeneous or inhomogeneous source. This indicates 
that, similar to behaviors noted for chromospheric, transition region, and coro- 
nal plasmas in ultracool dwarfs, the magnetic activity patterns observed in active 
higher mass stars can survive to the substellar boundary. We also present new 
epochs of multi-frequency radio observations for the the ultracool dwarfs 2MASS 
05233822-140322 and 2MASS14563831-2809473(=LHS 3003); each has been de- 
tected in at least one previous epoch but are not detected in the epochs reported 
here. The results here suggest that magnetic configurations in ultracool dwarfs 
can be long-lasting, and support the need for further radio monitoring using a 
simultaneous, multi-frequency observing approach. 

Subject headings: stars: activity — stars: coronae — stars: late-type — radio 
continuum: stars 



Introduction 



It was initially expected that radio emission would not be detected in ultracool dwarf 
stars, given the evidence that the n umber of objects exhibiting magneti c activity past a 
spectral type of MTV was declining (IHawley et al.l Il996l : I West et al.l 1200J) despite increas- 
ingly rapid rotation; this seemed to match expect ations that the cool, dense, and globally 
neutral atmospheres (fractional ionizations < 10~^: iMohanty et al.ll2002l ) of ultracool dwarfs 



would be unable to sustain the kinds of magnetic stresses thought to op erate in the at 



mosp h eres of solar-like dwarf stars (spectral types F, G, K, and early M; iMohanty et al. 



2OO2I ). iReiners fc Basril (120071 ) showed that large-scale fields can be maintained by detecting 
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their effect on transitions in molecular absorption bands, but the fields' connection to the 
non-radiative heating is still questionable. 



Since the discovery of radio emission from one of these objects (IBerger et al.ll200ll ). 
there have been two key findings: the overall number of radio-emitting ultracool dwarfs is 
relatively low, ~10% (IBergerl 120061 ) with a slight preponderance for objects of spectral type 
M9 to more commonly display detectable levels of radio emission (jPhan-Bao et al.ll2007l ): and 
there is a wide variety of behavior exhibited by those objects which have sho wn detectable 



levels of radio emission. Several objects have displayed pulsar-like behavior ( iBerger et al. 



2005l : lHamnan et al.l[2006[ ) with periods consistent with those inferred from rotational period; 



using radius and v sin i measurements; interpulse emission is observed but seems to be less 
circularly polarized. A few others show large increases in flux density, accompanied by large 



amounts of circular polarization (iBurgasser fc PutmanI [2OO5I) while still others have been 



detected in one epoch and undetected in others (lAntonova et al.ll2007l ). Variability is at the 
core of these behaviors; eve n the same object observed multiple times at radio wavele ngths 
shows disparate behaviors (IBergerl 120021 : iHallinan et al.ll2006l . 120071 : IBerger et al.ll2008l ). 



As with higher mass stellar radio emission (lOstenI 120071 1 it is possible that more than 
one type of radio emission mechanisms could be operating in the coronae of very low mass 
dwarfs: one, associated with gyrosynchrotron emission, is incoherent and consists of steady 
and variable wide-band radio emission, with moderate circular polarizations and roughly 
flat spectra; the other type being a coherent mechanism, possibly cyclotron maser emission, 
which c an be extreraely va riable, usually highly circularly polarized, and can have steep 
spectra. lOsten et al.l (120061 ) attributed the steady radio emission from one ultracool dwarf 
to gyrosynchrotron emission based on its spectral index and circular polarization behaviors. 
The dramatic radio variability which has been observed on a few very low mass objects 
generally includes highly circularly polarized emission and points to a different radio emission 
mechanism than usually invoked for higher mass stellar radio er nission, probably coh erent. 
Current speculations are that it may be cyclotron maser emission (IHallinan et al.ll2007l ). Still 
unknown is how the source population of accelerated particles which produces this emission 
originates. 

Although transition region and X-ray observations detect persistent fluxes from very low 
mass stars at levels compatible with scaling laws (based on Ha) extrapolated from earlier 
type M dwarfs, very low mass dwarfs appear to violate another tight relationship between 
magnetic activi ty indicators, namely the X-ray luminosit y - ra. dio luminosity correlation 



pointed out by iGiidel fc Bena (119931 ) and iBenz fc Giidell (119941 ). The detection of both 
pe rsistent and f laring radi o emiss i on fr om a handful of late M and L objects, reported 



m 



Berger et al.l (I2OOII ) and IBergerl (120061 ) , suggests that nonthermal radio emission is much 
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stronger than predicted in some objects at late spectral types. The interpretation of the radio 
emission, however, is complicated by the fact that more than one potential mechanism may 



Bulk 


1985; 


Giidel 


2002) 



Detailed observations of solar radio emission show that a variety of emissions can be produced 
in the centimeter wavelength range depending on the type and location of emitting structures 
and their variation with time. Indeed, this provides a simple resolution to the apparent 



viola tion" of the Lx^L^j relation in very low mass dwarfs noted by, e.g. iBerger et al. 



(|2005|) 



Studying stellar radio emission is important because it is the only wavelength region in 
which direct evidence of the role of accelerated electrons in stellar atmospheric structures 
and dynamics can routinely and easily be seen. In order to make advances in knowledge 
about atmospheric structure and dynamics, temporal and spectral information is needed. 
Detection epochs typically concentrate on building up exposure time at a single frequency 
with on-source times sufficient only to see very short time-scale variability such as bursting 
behavior. Longer on-source times can probe rotationaly-induced variability as well as increase 
the likelihood of observing flares. Simultaneous multi-frequency radio observations are better 
at pinning down the emission mechanism and allowing for spectral-temporal modelling to 
better understand the emitting structures. To this end, we selected several objects which 
had been previously detected at a single radio frequency for follow-up with multi-frequency 
observations. The properties of the program sources are summarized in Table [TJ The paper 
is organized as follows: §2 describes the properties of the program sources, §3 describes the 
observations, §4 discusses the data analysis and results, §5 provides a general discussion on 
how these observations contribute to our understanding of the nature of radio emission from 
very low mass stars, and §6 concludes what these data reveal about radio emission from 
ultracool dwarfs. 



2. Program Sources 



2.1. LP349-25 



Gizis et al.l ( l2000l ) recognized LP349-25 as a near by star, der i ving a spectral type of 



M8V with an estimated photometric distance of 8.3 pc. IClose et al.l (120021 ) observed the sys- 
tem with adaptive optics in an earlier epoch and found no ev idence of multiplicity in images 
having spatial scales of 0.13"; however iForveille et al.l (120051 ) found clear evidence of the bi- 
nary nature of the system using adaptive optics systems. T he separation of the tw o stars was 
0.125±0.01 arcseconds during the binarity discovery epoch; iGatewood et al.l (120051 ) measured 
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a parallax of 67.6=l=2.0 mas for a distance estimate of 14.8±0.4 pc. Based on this value, its 
Mj is 9.76. iForveille et al.l (120051 ) estimated an orbital period of ~5 years. The infrared col- 
ors of iForveille et al.l (120051 ) (Mx'=10.46 for the companion, and A mR-/ =0.26±0.05) l ead to 
acceptable spectral type pairings of M7.5V+M8.5V or M8V+M9V. IPhan-Bao et^ J2007h 
reported a single frequency detection at radio wavelengths from the binary; our team selected 
this object for follow-up observations at multiple wavelengths in order to characterize the 
nature of the radio emission and compare with behaviors displayed by other solar neighbor- 
hood ultracool dwarfs. Recent high resolution spectroscopic observations with NIRSPEC on 
the Keck II telescope have determined a combined vsini of the system to be ~50 km s~^ 
(M. Rosa Zapatero Osorio, private communication). Because of the small angular separation 
of the two stars, the spectrum obtained includes the contribution of both stars. The large 
vsini measured thus could be due to the velocity separation of the two stars. However, if 
we assume that the estimate d ^ 5 year period orb it is circular, then the small masses of the 
two components (~0.09Mq; iBurgasser et al.l 120071 ) implies that there would be a maximum 
orbital velocity amplitude of ~20 km s~^, and the excess velocity width could be due to 
rapid rotation. Thus it may be possible that one or both of the two stars is rapidly rotating. 
Table [2] lists the image sensitivities of previously reported radio observations. 



2.2. 2MASS J05233822-140322 



This likely brown dwarf (hereafter designated 2M0523) was discovered by ICruz et al. 



(120031 ) and given an L2.5 spectral type. The derived distance was 13.4±1.1 pc, implying Mj 
of 12.45. The distance is an estimate based on the spectral type and Mj calibr a tion i n the 
Cruz et al. paper. Photometric variations in the I band were probed by iKoeru (120051 ): the 
mean magnitudes in two runs ~3 days apart agreed to within 0.01 mag, thereby providing 
no indication of i nfrared photo metric variability. The first report on radio emission from this 
object was from iBergerl (120061 ) . with a detectio n of 231=fcl3 AtJy on o ne out of 3 occasions, 
and nondetections on the other two. Recently, lAntonova et al.l (120071 ) described additional 
single frequency radio observations which failed to detect the object at a level which is more 
than a factor of 10 lower than the detected flux density. Table [2] lists the image sensitivities 
of previously reported radio observations. 



2.3. 2MASS J14563831-2809463=LHS 3003 



LHS 3003 is a ver y low mass star with spectral type M7, a t a distance of 6.56±0.15 
pc jReid fc Crujl2002[ ): its Mj is 11.00. IPuhrmeister et al.l koO^ give a vsini =6±1.5 km 
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s ^, noting asymmetric profiles of tlie Ha and H/5 emission lines, and a cliange in Balmer 
lines over several averaged spectra (without any ph otometric indic a tion o f flaring) as ev- 



idence for numerous active regions on the surface. iFleming et al.l (119931 ) did not detect 
the source in ROSAT All-S ky Survey dat a , with an upper limit to the X-ray luminosity 
of log Lx{ergs~^) <25.66. ISchmitt et al.l (119951 ) did detect the source with the ROSAT 
All-Sky Survey dat a with log Lx(erqs~ ^ ) of 2 6.27 (with apparently the same data set as 



Fleming et al.lll993r). 



Mohanty &: Basril (120031 ) give vsini =8 km s ^, logLHQ/Lboi=-4.31. 



Basri fc Reinerd (120061 ) looked at radial velocities to deter mine if this was a spec troscopic 
binary, and found no apparent variations in radial velocity. iReiners fc Basril (120071 ) detected 
evidence for substantial large-scale magnetic field strengths on the sur face, finding the prod- 
uct of magnetic field strength and filling factor to be i?/=1.6±0.2 kG. iBurgasser &: Putman 
(120051 ) reported a detection of LHS 3003 at a wavelength of 6 cm in ~ 11 hours with the 
Australia Telescope Compact Array (ATCA) at a flux density of 270±40 /xJy, while simul- 
taneously obtained data at 3.6 cm with the same image noise did not reveal a detection. 
Table |2] lists the image sensitivities of previously reported radio observations. 



3. Observations and Data Reduction 

Our 2006 VLaE B-configuration observations were meant to further characterize the 
nature of the radio emission from LHS 3003 and 2M0523. In order to do this, we observed 
in two subarrays, one operating at 3.6 cm (4.8 GHz) and the other cycling between 6 and 
20 cm (4.8, 1.4 GHz, respectively). We also extracted archival observations of LHS 3003 
at 6 and 20 cm from the VLA archive and reduced those. C-configuration observations of 
LP349-25 in January 2007 were performed in two subarrays, each subarray recording one 
of two frequencies (3.6 or 6 cm). Additional A-configuration observations in August 2007 
spanned roughly 20 minutes at each frequency, with data taken using the full configuration. 
All data were obtained in standard continuum mode with 50 MHz bandwidth. 

After initial data reduction and imaging, no sources were found at the location of either 
LHS 3003 or 2M0523 at any frequency. We investigated and ruled out problems associated 
with EVLA antennas as factors in explaining the lack of detection. Correspondence of 
background sources in multiple epochs also lends reliability to the calibration and imaging 
steps. Table [2] compares the sensitivities of observations at all epochs for the three program 
sources, including other published radio observations. For 2M0523 and LHS 3003, the la 
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rms values from our observations are comparable to or less than those in the detection epochs 
at the corresponding frequency and should have detected the source if it were emitting at 
the same level as during the detection epoch. Our 3 a upper limits for the intensities of 
2M0523 and LHS 3003 are listed in Table El 

LP349-25 was detected at both frequencies at both epochs. Maps of total intensity 
and circular polarization (Stokes V parameter) were made for the C- and A-configuration 
observations of LP349-25, first by including all visibilities and later after removing the con- 
tribution to the visibilities of background radio sources. Single Gaussian fits to the source 
position near phase center were done to determine position and peak flux density. Direct 
Fourier Transforms of the visibilities at the position of the source were done to examine vari- 
ability (AIPS task DFTPL). Table [3] lists the average radio flux density measurements or 
upper limits at each epoch and wavelength for our program sources. There was no significant 
level of circular polarization measured at any epoch, with 3 a upper limits of 78, 57 /iJy at 
3.6 and 6 cm in the C-configuration observation of LP349-25, respectively, and 120, 159 yuJy 
at 3.6, 6 cm in A-configuration, respectively. 

4. Data Analysis and Results 

In the following sections we describe the temporal and multi-frequency radio behavior for 
all three objects, in addition to the spatial resolution information provided by A-configuration 
observations of LP 349-25. 

4.1. Temporal Behavior 

The radio emission from LP349-25 shows steady levels over long timescales. This is 
revealed by the similar flux densities in 3 epochs at 3.6 cm (Tables [T] and [3]), identical to 
within 3(7 based on differing exposure times and beamsizes. The timespan of these 3.6 cm 
observations is 1.6 years. The 6 cm flux densities measured at two epochs are also consistent 
to within <1 a, over a timespan of 0.6 years. 

The intra-epoch behavior of LP 349-25 likewise reveals no detectable short-term variabil- 
ity. We investigated this using different techniques, designed to look for periodic signals and 
stochastic variability, either of which which may appear at either frequency independently. 
We performed Lomb normalized periodograms on light curves of C-configuration data made 
at 10 s time resolution on both the 3.6 and 6 cm data to see if there was any evidence of 
periodic behavior in the radio emission, and found no statistically significant periodic signals. 
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The time span of the data analysed was 10.7 hours, with a maximum measurable period of 
42 hours. 

We also examined evidence for short-term aperiodic variability in both the C- and 
A-configuration observations of LP349-25. We computed the chi-squared value for the fit 
between the average flux density measured at 3.6 and 6 cm over the entire time interval, 
and the flux densities measured in finer time bins (10, 60, 300 and 600 seonds for the C- 
configuration observation, and 10 seconds for A-configuration observations). In all cases the 
finer flux density variations were consistent with the average flux density. Figure [U shows 
the flux density variability both between and within epochs for the C- and A-configuration 
observations of LP349-25. 

The upper limits on radio emission from 2M0523 and LHS 3003 reflect variations of 
factors of 4 and 1.7, respectively, c ompared to the previo usly detected levels of radio emis- 
sion. While the limits described in lAntonova et al.l (120071 ) for 2M0523 are much deeper, the 
addition of this extra epoch at which the radio emission is undetected lowers the fraction of 
time this object produces detectable levels o f radio emission, to ^10%. The previously de- 
scribed detected emission from LHS 3003, in lBurgasser fc PutmanI (120051 ) . was accumulated 
over ~11 hours of integration, so the addition of this short epoch described here does not 
significantly affect the computed duty cycle of ~87%. Further observations of this interesting 
source are required to study the transient nature of its radio emission. 



4.2. Multi-Frequency Behavior 



The detection epochs of LP349-25 and 2M05 23 co rresponded to only one wavelength (3.6 
cm), and were reported in lPhan-Bao et al.l (120071 ) and lBergerl (120061 ) . respectively. LHS 3003 
was detected at 6 cm but not at simultaneously obtained 3.6 cm observations with the same 
sensitivity. While further multi-frequency observations of 2M0523 failed to detect the source 
at any wavelength, we have detected LP349-25 at both 6 and 3.6 cm on two occasions. Thus, 
only LP349-25 and LHS 3003 have constraints on the multi-frequency behavior of their ra- 
dio emission. For radio flux density Su, oc z/°, the 6-3.6 cm spectral index computed 
for LP349-25 from time-averaged C-configuration observations was a=0.33±0.17, and for 
the A-configuration observations it was a=— 0.47±0.38. We also computed a for time in- 
tervals within the C-configuration observation corresponding to the same time bins as done 
in ^4.1 (10, 60, 300, and 6 00 seconds) and found no variability in a on these timescales. 
Burgasser fc PutmanI (120051 ) reported the upper limit for the radio spectral index between 
3.6 and 6 cm for LHS 3003 to be a < -1.2. We note that for both LP349-25 and LHS 3003, the 
sensitivity in each frequency band for multi-frequency observations is very similar (numbers 
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are listed in Table [2]). In addition, the multi-frequency observations were made simultane- 
ously in the case of LHS 3003 at the ATCA (both receivers operate at the same time), and 
the 12 Jan. 2007 epoch for LP349-25. The 15 Aug. 2007 epoch data of LP349-25 were 
obtained by alternating frequencies using the full array during the same observation session, 
so the multi-frequency information is not strictly simultaneous. Given the lack of variability 
on timescales > 10 seconds described in §4.1, however, we can consider the multi- frequency 
recordings of LP 349-25 during the 15 Aug. epoch to be simultaneous. 

For LP349-25, the emission is stable at both frequencies in addition to being stable in 
time. This is revealed by the similar values returned for the radio spectral index at two 
epochs together with the lack of both short-term and long-term variability. The frequency 
difference between the 3.6 and 6 cm VLA receivers is Az/ =3.6 GHz, implying that the 
detected radio emission extends across this fr e quenc y range. In contrast, the emission from 



LHS 3003 reported in iBurgasser fc Putmaru (120051 ) was detected at only one wavelength 



at one epoch. This implies that the emission occurs over a range in frequency Az/ <3.6 
GHz and possibly much smaller. Unfortunately, since the multi-frequency observations of 
LHS 3003 we performed on 30 June 2006 did not detect the source at any frequency, we 
cannot constrain the multi-frequency behavior of LHS 3003 during this epoch. 



4.3. Imaging of LP349-25 

We explored whether the contribution of both dwarfs to the radio emission from LP349- 
25 could be constrained from the observation made in A-configuratio n. If the two dwarfs 



were at the separation noted during the discovery epoch (0.125zb0.01": iForveille et al.ll2005l ) 
and had nearly equal intensity, we might have been able to separate the two components from 
our image of the A-configuration 3.6 cm data, made with 0.047" pixel size. Two-dimensional 
elliptical Gaussian fits to the naturally weighted 3.6 cm A-configuration observations of 
LP349-25 return a major and minor axis of 0.36±0.06 and 0.23 ±0.04 arcsec, with a position 
angle measured north from east of 36±14 degrees. Deconvolving the fit from the clean 
beam, the nominal major and minor axes of the elliptical Gaussian are 0.21" (minimum 
0.12", maximum 0.28") and 0" (minimum 0", maximum 0.09"), with a position angle of 32° 
(minimum 1°, maximum 67°). Minimum and maximum values are the extrema obtained by a 
deconvolution of the source beam from the clean beam with 0.7 times the error of component 
values. Figure [2] shows a close-up of the radio contours. We explored using uniform or "super- 
uniform" weighting to enhance the longest baselines compared to the shortest ones, however 
these weighting schemes also increase the noise and these images produced peaks at lower 
significance value, with evidence for only one source at the location of LP349-25; there was 
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no evidence for a second source out to the maximum distance sampled in the A-configuration 
image, 24" from LP349-25. This is perhaps not surpri sing: The discovery epoch on July 3, 
2004 of the binarity of LP349-25 (IForveille et al.ll2005l ) revealed the separation between the 
two stars to be 0.125±0.01" a t a position angle of 12.7±2.0° east from north, while an earlier 
epoch on Sept. 18-19, 2001 (IClose et al.ll2002l ) showed the system to be unresolved. This 
earlier epoch occurre d almost 6 years prior to our observations, and with the estimate by 
Forveille et al.l (120051 ) that the orbital period is about 5 years an explanation for why the two 
stars were not resolved is apparent. The A-configuration observations thus do not constrain 
whether one or both dwarfs in the LP349-25 system contribute to the total observed radio 
emission; further observations at higher spatial resolution are needed to resolve the two 
dwarfs. 

Spatially resolving the two stars in the binary system is important for two reasons. 
The first is that this will allow us to determine the relative amount of radio emission aris- 
ing from each dwarf, a nd hence explore radio emission mechanisms further. As noted by 
Phan-Bao et al.l (120071 ). the radio luminosity from the system is slightly higher than the 
steady levels seen from other radio-emitting ultracool dwarfs. The second lies in the unique 
nature of LP349-25 as a nearby tight binary with an orbital period amenable to astrometric 
monitoring; direct mass measurements are crucial to p lacing constraints on the formation 
processes of very low mass (< 0.1 M©) stellar objects (IBurgasser et al.l 120071 ). Mass deter- 
minations are also important for comparing with theoretically derived masses from evolu 



tionary models, and establishing mass-luminosity relations in this mass range (IBouy et al. 
20041 ). Due to the low flux density, sensitive high spatial resolution observations such as 



those attainable with the High Sensitivity Array are needed; we have an approved program 
to begin this monitoring, which should b e able to attain an astrometric precision of ~ 30 
/ias using phase referenced observations (jPradel et al.ll2006l ). LP 349-25 thus provides the 
keys to understanding the formation of ultracool dwarfs as well as the enigmatic nature of 
their radio emission. 



5. Discussion 

Of our observations of three ultracool dwarfs, the detections of LP 349-25 offer the 
most stringent constraints on the types of radio emission produced in ultracool dwarfs. 
The relevant and interesting facts about the radio behavior seen on LP 349-25 are that 
the emission is constant on both short- and long timescales, and that the observed multi- 
frequency radio emission has a flat spectral index which also does not appear to vary on 
short and long timescales. This is unusual behavior in light of the fact that the few ultracool 
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dwarfs which have been detected at radio wavelengths have all exhibited dramatic variability, 
whether periodic or bursting behavior. Here we explore what constraints these details provide 
within the context of behavior seen on active stars and ultracool dwarfs. 



5.1. Constraints from Absence of Short-Term Variability 



The lack of short-timescale variability on LP349-25 on timescales of 10 s or larger is 
constrained by the observations conducted on 12 Jan. 2007, for 10.7 hours at both 3.6 
and 6 cm. This observation duration should have been long enough to discern periodic 
varia bility: for -usini >10 km s~^, the rotation period for a 0.12 Rq star of mass ~0.09 
Mq (jPont et al.l l2005l ) is < 10 hours (in which case we should have seen one complete 
rotation period), and for vsini >20 km s~^, we should have seen two or more rotation 
periods. Rotationa l modulation of the r adio emissi on from ultracool dwarfs is a commonly 
observed behavior (IHallinan et al.ll2006l . 120071 . l2008l ). and so its lack in the case of LP349-25 
is significant. We note that the greatest constraints on lack of short-term variability come 
from our C- configuration observatio n spanning 10.7 hours, but the observation of LP349-25 
described by lPhan-Bao et al.l (120071 ) lasted 1.7 hours. Expressed as a fraction of the unknown 
rotation period this span At is 1.7 hours/P; taking the upper limit on P to be 10 hours, 
this observation spanned a fraction of the rotation period AP/P > 0.17. For short periods 
(2-3 hours), this is a significant fraction of the rotation period, and the lack of variability 
seen during this observation provides an additional constraint on the lack of rotationally 
modulated for the case of short periods. 

The absence of variability in LP 349-25 on timescales comparable to the rotation period 
of one or both stars imposes spatial constraints. The viewing orientation could explain the 
lack of variability: if the inclination of the binary system is situated close to pole-on then 
no modulation of the radio emission is to be expected if either or both dwarfs produces 
radio emission. However, the preliminary measurement of a substantial v sin i discussed in 
§2.1 suggests that one or both of the dwarfs may be rapidly rotating, and for a pole-on 
configuration no rotational broadening of emission lines is expected. However, if the system 
were not observed at a nearly pole-on configuration, then the pa ttern of temporal ernission 
would resemble the pulsar behavior seen in other ultracool dwarfs (IHallinan et al.ll2006l . 120071 . 
20081 ). There could be many emitting structures whose properties are uniform and so cause a 
lack of observed rotational modulation. This would require a high degree of homogeneity of 
the magnetic structures over the surface of one or both stars. A peculiar arrangement could 
be obtained between both ultracool dwarfs where both are radio-emitting but do so out of 
phase with each other, so that the total observed radio emission appears to be constant. 
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This seems unlikely, as it would require rather special conditions to occur; namely, the two 
dwarfs are tidally locked or information can be communicated on timescales <10 seconds. 
The separation of the two dwarfs at the discovery epoch was ^1.8 AU, and this distance is 



too large for tidal locking to occur: the synchronization timescale given by IZahru (119771 ) is 
~34 GYr. Finally, a circumbinary radio-emitting structure could be present, but given the 
separation of the two dwarfs (> 3000 at the discovery epoch) this is also unlikely. 

Since variability is a key factor controlling the observed radio emission from other ul- 
tracool dwarfs, we explore some physical constraints imposed by the variability timescales 
here. Ti mescales as short as a few rninutes have been o bserved during impulsive bursting 
behavior (IBurgasser fc PutmanI l2005l : iBerger et al.ll2008l ). We explore the time evolution 
of the radio emission on short timescales under the constraints that no emission variability 
is observed. If the emission is due to singular injection events akin to the isolated bursts 
seen in other systems, then assuming that the emission region is localized, energy loss can 
occur through collisional losses in a high density environment, or radiation losses in a high 
magnetic field region. The timescale for this energy loss then can be related to the limits 
on observed variability, to provide a constraint on the plasma environment. The collisional 
deflection time for a particle of energy Ey^e^ is 



tr = 9.5 X 10 



kev 



20 



s (I) 

ln(4.2 X lO^T/T^) ^ ' 

(eq. 2.6.20 of lBeng|2002l ). with i^kev the particle energy in keV, electron density Ue in cm~^ 



and temperature T in K; for T>10^K and a 10 keV particle to have tc <10 s requires He > 
3x10^ cm~^, while tc >10.7 hrs requires < 4x10^ cm~^. The constraints do not depend 
tightly on the choice of T. The timescale for radiation loss is 



6.7 X 10^ 



(2) 



( lPetrosianlll985l ) where B is the magnetic field strength in Gauss, 7 the Lorentz factor; for a 
10 keV electron, t,. is greater than 10.7 hours for B <130 G or less than 10 s for B > lO'^G. 
Although we cannot rule out that variability is occurring on timescales less than 10 seconds, 
the extreme plasma conditions (rie > 3x10*^ cm~^ or B > lO^G) make the scenario of rapid 
variability on these timescales implausible. Therefore we consider that the observations 
constrain the plasma conditions to be either B < 130 G or rig ^ 4x10^ cm~'^. 
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5.2. Constraints from Stability over Long Timescales 



The lack of long-timescale variability on LP349-25 is constrained by the three epochs of 
flux density measurements at 3.6 cm, and two epochs of measurements at 6 cm. The average 
flux densities at 3.6 cm are 5% and 30% different comparing the Dec. 2005/ Jan. 2007 and 
Aug. 2007/ Jan. 2007 flux density measurements, respectively, while at 6 cm the average 
flux densities are 6% different. Even in active stars with multiple measurements of "quies- 
cence" outside of any obvious variability, di fferent radio flux densities and spectral indices 
are obtained (see Figure 3 and discu ssion inlGiidel 2002 ). revealing differing radio-emitting 



magnetic conflgurations. Table 2 of lOsten et al. 



(120041 ) shows a fac tor of flfteen va r iation 



in the average 3.6 cm flux density of the active binary HR 1099, and ICaillault et al.l (119881 ) 
noted that 6 cm detections and upper limits for different epochs of radio observations of 
BY Draconis variables varied b y as much as an order of magnitude. The rotational modula- 
tion noted by lLim et al.l (Il992l ) of AB Dor's radio emission is only sporadic, indicating a lack 
of long-term stability or repeatability of the flux density. The well-studied radio-emitting 
ultracool dwarf TVLM513-46546 also displays different ra dio emission properti es over long 
timescales, ranging from variability of quiesce nt emission (IHallinan et al.ll2006) to periodic 



burst ing radio emission (IHallinan et al.l l2007l ) to steady quiescent emission ( jBerger et al. 



20081 ) . The changes in the radio emission properties in the case of both active stars and 
ultracool dwarfs can be linked to the flnite lifetime of the starspots or magnetic structures 
which are presumed to give rise to the radio emission. Starspots on active stars have life- 
times which depend on t heir latitude: long-lived spots lying at high latitudes can survive for 
years (IStrassmeierll2002l) but starspots a t lower latitudes have lifetimes of less than about a 
month (lHussainll2002l ). Ilsik et al.l (l2007l ) also showed that starspot lifetime on active stars 
was longer for larger spots. These trends are due to the competing effects on magnetic flux 
transport of differential rotation, convection, and meridional flows. The changes in the op- 
tical properties of the ultracool dwarf TVL M513-46456 are c haracterized in one epoch by 
rotational modulation of isolated starspots (|Lane et al.l l2007l ) and in another by rotation 
of persistent dust clouds (ILittlefair et al.ll2008l ). conflrming the flnite lifetime of magnetic 
structures in ultracool dwarfs as well. So the stability of the radio-emitting source in LP 
349-25 over similar timescales as those during which the radio emission from TVLM513- 
46546 was observed to change dramatically is unique. This remarkable stability is consistent 
with similar conditions being the three (two) epochs when 3.6 cm (6 cm) observations were 
obtained, over timescales of more than a year. This indicates that the magnetic structure 
giving rise to the radio emission for LP 349-25 lies predominantly at high latitudes, if the 
same magnetic structure is giving rise to the radio emission in all three epochs. It also sug- 
gests that the lifetimes of the magnetic structures are long-lived, or alternatively that there 
is little variation in the properties of the magnetic structures which form. 



-14- 



5.3. Constraints from Spectral Index 

The spectral index measurements of LP 349-25 during the C- and A-configuration epochs 
described in Section 4.2 are the same to within 2 a, and consistent to 2 a with a value of 0. 
For these purposes we consider this "fiat" even though with the same statistical significance 
the two spectral index measurements are compatible with the range —0.01 < a < 0.29. 
Section 4.2 also described the lack of evidence for changes in the spectral index within the 
C-configuration observations on timescales greater than 10 seconds. A primary constraint on 
the radio emission mechanism from the spectral index is that it does not change significantly. 
At the most basic level, this indicates that there were no observed changes in optical depth 
on timescales either within the C-configuration observations (> 10 seconds), or on longer 
timescales between the two epochs in which both 3.6 and 6 cm observations were obtained 
(0.6 years). 



Optically thin thermal bremsstrahlung naturally produces a flat spectral index (jPulk 



19851 ). In this case, the optical depth is expressed as n^, ~0.2 nlL/u'^ /T^^"^, where T is the 
temperature of the thermal plasma, L is the characteristic length scale along the line of sight, 
and He and v are the electron density and observing frequency, respectively. The brightness 
temperature T;,=Tr for r -Cl, and the the flux density Sj^ is 

7 2 

S, = ^T,/\n , (3) 

where is Boltzmann's constant, c the speed of light, and Afi the differential solid angle. 
Writing Af2 as A/d? with A the source area and d the distance to the target, we can express 
the flux density as a function of the observed temperature and volume emission measure 
{VEM = nlx Ax L), 

= 1.4x10-^^^5- Jy (4) 



where the volume emission measure has units of cm~'^ and temperature is in units of K. 
Thermal bremsstrahlung emission from a chromosphere or corona at temperatures from 10^ 
- lO^K imply volume emission measures around lO^'^ cm^^ for the observed levels of radio 
flux density. 



As described in lOsten et al.l (120061) . the distribut i on of spectral indices for a sample 



of active K and M dwarfs taken from ICiidel fc Benzl (119961 ) has an average of —0.4 and 



FWHM of 1.5. The behavior of LP349-25 is consistent with this spread. The interpretation 
for active stars is that the emission arises from an inhomogeneous source emitting optically 
thin gyrosynchrotron emission. In the optically thin limit, for a value 5 parameterizing the 
number density distribution of accelerated electron energies {N{E) oc E'^), the flux density 
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depends on frequency as 8,^ oc z/^'^^ ^ , so a flat spectrum could be obtained if the spectrum 
of nonthermal electrons is particularly hard, 5 ~ 1.3. 

Another possibility to explain a flat spectral index is a hybrid of the above two models, 
optically thick gyrosynchrotron emission with opacity provided by collisions. This model 
obtains a fiat spectral index for a value S of 3.6. For this model, a large electron density is 
required for the coUisional opacity to exceed the gyrosynchrotron opacity. For the conditions 
described in §5.1, namely T~10^K and B<130 G, ng must be > 10^^ cm~^ for values of 
the total nonthermal electron density > 1. This is at odds with the restrictions in §5.1 
necessitating a low electron density [ue < 4x10^ cm~^) for the plasma cooling time to be 
long enough that no variability would have been seen. 



5.4. Putting It All Together: Implications for the Radio Emission in LP349-25 



The discussion in the above three sections describes temporal and spectral index con- 
straints on the radio emission from LP 349-25. Here we examine these constraints, together 
with the upper limits on circular polarization and possible values of brightness temperature, 
for what they can tell us about the radio emission from this ultracool dwarf binary. 

The simplest explanation which fits the lack of variability and fiat spectral index ob- 
served on LP 349-25 is that the emission arises from optically thin thermal bremsstrahlung 
radiation distributed uniformly across one or both of the stellar disks. However, this model 
runs into several problems. If we assume that this material is distributed homogeneously 
across the disk of one star, with length scale equal to or smaller, then electron densities 
in excess of 2.2x10^^ cm~'^ are required to produce the volume emission measure deter- 
mined in §5.3. The plasma frequency corresponding to such a density Ug would be Up > 
4.2 (ne/2.2x 10^^) GHz, with Ug in cm~'^, and we would expect a cutoff at or below the 6 
cm observing frequency. Optically thin radio bremsstrahlung emission would also show up 
at longer wavelengths as X-ray emission, and given the distance of LP349-25, implies an 
X-ray fiux from 0.2-2.4 keV of ~4xl0~^^ erg cm~^, or Lx of lO^'^ erg s~^ . This would put 



LP349-25 in the top 101 brightest X-ray stars within 50 pc (jMakarovll2003l ) and would make 
the lack of a detection in the ROSAT All -Sky Survey, which had sensitivities well below this 
fiux value (down to 10^^^ erg cm~^ s~^; iHiinsch et al.lll999l ) problematic. It would equally 



well represent a discontinuity wit h the X-ray behavio r of other ultracool dwarfs, which have 
Lx typically around 10^^ erg s~^ (IStelzer et al.ll2006l ) when they are detected. 



The emission from radio-active stars and ultracool dwarfs by extension is usually associ- 
ated with the presence of enhanced magnetic fields, which naturally leads to gyrosynchrotron 
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or synchrotron emission for incoherent radiation, or cyclotron maser emission for coherent 
radiation. These mechanisms require accelerated particles, and so the constraints on the 
plasma environment deduced in §4.1 from the lack of aperiodic short-term variability are 
applicable here. The general gyrosynchrotron model as applied to active stars would require 
a spatially inhomogeneous source to arrive at the flat spectral index. However, the lack 
of short-term variability described in §4.1 require that the same emitting region be visible 
over the one or more rotation periods seen in the C-configuration data. Based on expected 
lifetimes of starspots seen in active stars and the evidence for epoch-to-epoch changes of ra- 
dio emission in another well-studied ultracool dwarf, a long-lived polar spot and the binary 
having a high orbital/rotationl inclination are plausible. This would naturally explain both 
the lack of short-term and long-term variability, as the high inclination would lead to no ro- 
tational modulation over the short term, and the similar values of flux density and spectral 
index are consistent with the same emitting structure producing the observed radio emission. 
A highly homogeneous source with a hard distribution of electrons would also produce a fiat 
spectral index, as discussed in §5.3. Either of these explanations requires that there is lit- 
tle long-term evolution of magnetic structures responsible for producing the radio emission, 
which is unique amongst active stars. It is also at odds with the preliminary evidence that 
one or more of the stars produces a large vsini signature discussed in §2.1. Gyrosynchtron 
emission usually arises at frequencies corresponding to harmonic numbers s between 10 and 
100 of the electron gyrofrequency, given hj u = sub, with ub = 2.8xl0^i?, B being the mag- 
netic field in the radio-emitting source in Gauss and ub in Hz. The ranges of magnetic field 
strengths derived from the two observing frequencies is 17< B <170 G for 6 cm emission, 
and 30< B <300 G for 3.6 cm, which is compatible with the magnetic field strength derived 
in §4.1 to explain the lack of short-term variability. A hybrid collisional/gyrosynchrotron 
model, although producing a fiat spectral index, is difficult to reconcile based on the high 
electron density required for collisional opacity to exceed gyrosynchr otron opacity. The in- 



ferred brightness temperatures, as discussed in (jPhan-Bao et al.ll2007l ). are not constraining 



due to uncertainties in the source s ize. Research on solar bursts indicates that gyrosyn- 



chrotron radiation can be directive (iLee fc Garyll2000l ). although the requirements for lack 



of periodic variability in this case require that the source be located at high latitudes, with 
a high inclination, and either isotropic or beamed emission can be accomodated. 

A coherent mechanism like electron-cyclotron maser could also be operating to produce 
the radio emission from LP 349-25. While the intense bursts observed from several ultracool 
dwarfs have been interpreted using this framework, this is also problematic within the context 
of the observations and constraints described here. The observed emission shows no net 
polarization, which could be explained if the emission is intrinsically polariz ed but becomes 



depolarized due to propagation and scattering effects. iHallinan et al.l (120061 ) noted that the 
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average emission from TVLM513-46546 was flat, but these measurements were not obtained 
simultaneously and includes periodic emission, and so it is not clear if the flat spectral index 
measured from TVLM5 13-46546 has any bearing on the observed flat spectral index for 
LP349-25 in the absence of any variability. Cyclotron maser emission at the fundamental 
or second harmonic is emitted at frequencies v = svb where s is 1 or 2 respectively. A 
maser operating at the observing frequencies of 4.8 (8.4) GHz requires a magnetic field in 
the emitting region of 1.7 (3) kG for fundamental emission at 6 (3.6) cm, and 0.86 (1.5) 
kG for second harmonic emission at the same respective frequencies. Given the constraints 
on magnetic field strength from lack of variability on short and long timescales from §5.1, 
namely that B< 130 G or B>10^G, in neither case would a maser would be observable at 3.6 
or 6 cm. Plasma conditions must also be favorable for a cyclotron maser to operate, the ratio 
of plasma frequency to cyclotron frequency, Vp/vBi being less than one. For fundamental 
or harmonic emission, with the constraints on He and B from §4.1, this ratio is ~0.01, 
and so is met. There is no general context to explain a particular value of spectral index 
under electron cyclo tron maser emission. Broad-band coherent emission as suggested by 



Hallinan et al.l (120061 ) requires that the radiation be emitted at multiple points in the stellar 
atmosphere, or arise from relativistic electrons Av/v ~ (7 — 1)77. We can dismiss the latter 
case because this implies 7 ~2, or electrons with kinetic energy >511 keV, which would 
be much more energetic than have ever been detected from active stars; even discussions 
of the electron cyc lotron maser on the Sun consider particle energies of a few tens of keV 



(iTang &: Wijl2009l ). In addition, in order for electrons of this energy to retain their energy for 
timescales longer than 10.7 hours requires plasma environments of rig <10^ cm~^ and B<90 
G to survive against collisional losses and radiative losses, respectively. This is incompatible 
with the requirement to have the magnetic field in the emitting region be between 0.86-3 
kG based on identification of the observing frequency with the fundamental or harmonic of 
the electron gyrofrequency. It is always possible that the maser is continuously resupplied 
with relativistic particles but this requires that particle acceleration be steady over the long 
timescales constrained here (1.6 year), and suggests an even lower magnetic field strength 
in the source if the particles are to survive against radiative losses. This may necessitate 
a resupply of relativistic electrons over these long timescales with no change in intensity or 
spectral index. Astrophysical sources of particle acceleration are by and large associated with 
variability, either radio or X-ray synchrotron variability, and indicate stochastic acceleration. 
Under these conditions, we find the cyclotrom maser interpretation of this steady radio 
emission from LP 349-25 to be problematic, and in light of this we conclude that an incoherent 
mechanism is most compatible with the observational constraints. 

In summary, the variability constraints argue for a high latitude source with a high rota- 
tional/orbital inclination in order not to observe any rotationally-induced intensity changes. 
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This same source should survive for at least 0.6 yr to explain the similar values of a in 
two epochs, and requires that there is little evolution of the magnetic configuration that 
gives rise to the radio emission. Gyrosynchrotron emission from a spatially inhomogeneous 
or homogeneous source can explain the fiat spectral index. The plasma environment must 
consist of low densities (ug <4xl0^ cm~^) and moderate magnetic field strengths {B < 130 
G) in order that the high energy electrons not lose energy by collisions or radiation on 
timescales comparable to those imposed by our C-configuration observations. In contrast, 
problems are encountered with a cyclotron maser mechanism explanation in key aspects of 
the observations. Within the context provided by the lifetimes of starspots, and with the 
expectation that the radio emission arises from a region of enhanced magnetic fields, the 
constraints imply that a stable polar spot emitting gyrosynchrotron emission may be the 
origin of the steady radio emission from LP 349-25. Further monitoring of LP 349-25 to 
determine whether it is variable may help answer other questions about radio emission from 
ultracool dwarfs, namely the nature of the unpolarized "steady" radio emission observed 
outside of highly polarized bursts on other ultracool dwarfs. 

Note that the overall detection rates of radio emissio n for ultracool dwarfs, ~10%, are 



not t hat different from the optical flare duty cycles of 5-7% ( Reid et al.lll999l : lMartm fc Ardila 



20011 ) and the implied radio duty cycles of ~10% for the transiently emitting object 2M0523. 
There may be a significant bias in the the number of objects which produce detectable lev- 
els of radio emission if variability affects the detection rates; potentially more ultracool 
dwarfs may be capable of producing detectable but transient levels of radio emission than 
are currently assessed by single epoch surveys. This highlights the need for multiple epoch 
observations of radio-detected ultracool objects, and probably further monitoring of objects 
previously undetected in ea rlier epochs. The recent detection of several unidentified sub- 



millijansky radio transients (IBower et al.l 120071 ) suggests that there may be a large reservoir 



of low mass or ultracool stellar objects at distances of ~ 1 kpc producing transient radio 
emission which can contribute to the rate of radio transients. Further characterizing the 
behavior of nearby low mass and ultracool dwarfs is therefore necessary to be disentangle a 
stellar component from this unknown source population. 



6. Conclusions 

Our investigation of the radio emission from three ultracool dwarfs yields useful con- 
straints from only one. The temporal and multi-frequency radio observations of LP 349-25 
suggest that the radio emitting structures are located at a high latitude on one of the stars, 
and that the rotational and orbital axes have a high inclination with respect to our line of 
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sight, in order to explain the lack of variation associated with orbital or rotational modu- 
lation. This is potentially at odds with the preliminary determination of the v sin i of the 
system. The absence of transient or aperiodic variability over short timescales also constrains 
the plasma conditions which must be present, in order that high energy particles not lose 
their energy through collisions or radiative losses. The similar flux density values and spec- 
tral indices returned from epochs 0.6 years apart are consistent with a long-lived magnetic 
structure giving rise to the emission. We explore the implications for the radio-emitting 
mechanism, and rule out a thermal source. Gyrosynchrotron emission from an inhomoge- 
neous or homogeneous source can explain the flat spectral index and is compatible with the 
limits imposed on the plasma environment from short-timescale constraints. An electron- 
cyclotron maser is not compatible with the plasma constraints. In terms of its observational 
properties and the implications provided thereby for the radio emission mechanism, LP 349- 
25 is unique amongst ultracool dwarfs in exhibiting an incoherent mechanism, and suggests 
that the mixed behavior of active stars at radio wavelengths, exhibiting one or both of gy- 
rosynchrotron and a coherent emission mechanism, can survive to the substellar boundary. 
Temporal constraints on long timescales imply that there is little long-term evolution of 
magnetic structures, an important result for the magnetic fields only recently established to 
be present in ultracool dwarfs. Further monitoring will confirm whether LP349-25 is truly 
unique in its steady multi-frequency emissions, and interferometric observations at higher an- 
gular resolution are needed to determine whether one or both dwarfs contributes to the total 
radio emission. Both steady and transient radio emission have been presented in this paper, 
and our conclusions support continued monitoring of all radio-detected ultracool dwarfs in 
order to elucidate further the nature of radio emission near the substellar boundary. 

This paper represents the results of VLA programs AO205, A0214, and A0223. Sup- 
port for this work was provided by NASA through Hubble Fellowship grant 7^ HF-01 189.01 
awarded by the Space Telescope Science Institute, which is operated by the Association of 
Universities for Research in Astronomy, Inc. for NASA, under contract NAS5-26555. 
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This preprint was prepared with the A AS macros v5.2. 



Table 1. 


Properties of Prog 


ram 


Sources 




Source Spectral Type 


Dist. Mj Fr 


Aobs 


Obsn. Date Ref. for Fr"" 






(pc) (/iJy) 


(cm' 




[erg Hz~^) 


LHS 3003 M7 


6.2 11.0 270±40 


6 


2 May 2002 BP05 


1.2x10^3 


LP349-25 M7.5V+M8.5V or M8V+M9V 


14.8 9.76''365±16 


3.6 


20 Dec. 2005 PB07 


9.6x10^3 


2M0523 L2.5 


13.4 12.45 231±13 


3.6 


18 June 2004 B06 


5.0x10^^ 



'^PB07= |Phan-Bao et all (120071 ). B06=lBergeiJ (120061 ) ■BP05= lBurgasser fc PutmanI (120051 ) 
'^combined value 
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Table 2. Sensitivity of Past and Current Radio Observations of Program Sources 



Datp 


^obs 


1 rr ^ 

-"-•^ rms 


t 


Ref.^ 






(n Tv^ 


(hr) 








— 


LHS 3003 


— 






4 May 1994 


6 


70 


0.22 


current 


paper 


4 May 1994 


20 


590 


0.27 


current 


paper 


2 May 2002 


3.6 


40 


11 


BP05 




2 May 2002 


6 


40 


11 


BP05 




30 June 2006 


3.6 


30 


2.6 


current 


paper 


30 June 2006 


6 


52 


1.4 


current 


paper 


30 June 2006 


20 


530 


1.4 


current 


paper 




— 


LP 349-25 


— 






20 Dec. 2005 


3.6 


16 


1.7 


PB07 




12 Jan. 2007 


3.6 


27 


11.2 


L- Ui 1 CiiL 


Tl El T^dT 

pdpci 


12 Jan. 2007 


6 


21 


10.7 


current 


paper 


15 Aug. 2007 


3.6 


40 


0.3 


current 


paper 


15 Aug. 2007 


6 


54 


0.3 


current 


paper 






- 2M0523 - 








3 May 2004 


3.6 


16 


1.6 


B06 




17 May 2004 


3.6 


20 


1.7 


B06 




18 June 2004 


3.6 


13 


2.1 


B06 




30 June 2006 


3.6 


19 


6.2 


current 


paper 


30 June 2006 


6 


36 


3.0 


current 


paper 


30 June 2006 


20 


118 


3.4 


current 


paper 


23 Sept. 2006 


3.6 


15 


9 


A07 





'^(Trms was determined from blank regions of 
naturally-weighted images. 



^PB07= |Phan-Bao et all (12007 ). 



A07= 



(12006 ).BP05=lBurgasser fc Putman 



Antonova et all (120071 ) 



B06= lBerger 
J2005h . 
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Table 3. Measured Flux Densities, Upper Limits for Reported Epochs 



Source A Flux Density or 3 a Upper Limit 





l^cm) 


(/^Jy) 


LHS 3003^ 


3.6 


< 90 


)) a 


6 


< 156 


)) a 


20 


< 1590 


LP349-25^ 


3.6 


383±27 


" b 


6 


320±21 




3.6 


262±40 




6 


338±54 


2M0523^ 


3.6 


<57 


» a 


6 


<108 


» a 


20 


< 354 



^Epoch of 30 June 2006; see Table M 
^Epoch of 12 Jan. 2007; see Table [2] 
^Epoch of 15 Aug. 2007; see Table [2] 
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Time from start of observation (hrs) 



Fig. 1. — Detail of flux density variations for LP 349-25 from two different observing epochs, 
at 3.6 cm (8.4 GHz) and 6 cm (8.4 GHz). The sohd hne gives the average flux density and 
1(7 deviations; the crosses give individual measurements and error bars. For C-conflguration 
observations the time binning is 10 minutes, and for A-conflguration it is 10 seconds. No 
bursting or periodic behavior is detectable. 
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PLot file version 2 created 03-JAN-2008 17:48:03 
CONT: LP349-25 IPOL 8460.100 MHZ AUGX.ICL001.1 



2219 31.8 



31.6 



O 



u 
111 
Q 



31.4 



31.2 



31.0 



30.8 






00 27 56.26 



L 

56.24 



56.22 56.20 56.18 

RIGHT ASCENSION (J2000) 
Cont peak flux = 2.7340E-04 JY/BEAM 
Levs = 4.000E-05 * (-3, 3, 5, 6) 



L 

56.16 



Fig. 2.- 

A Array VLA observations of the binary LP 349-25. The size of the radio beam is shown 
in the lower left corner. The la rms from a blank region of the image is 40// Jy. The peak 
SNR in the source is only ~6.7; it is not clear whether one or both dwarfs contributes to the 
radio emission. Details of the fit to the image contours are described in §4.3. 



